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may be increased or decreitsed a(i desired. As a result 
of the reduced drag forces, there is less stress on machine 
parts, therefore resulting in longer life and less mainte- 
nance. Also, due to the reduced hydraulic pressures in 
the system, there is more responsive control over the toad. 
For example, in tests of the system disclosed herein, 
&.beep space tracking antenna was moved repeatedly in 
irXcrements as sma1las . O M  degree, qr a b u t  onds 

s, no 
This invention relates to hydraulic power means fox ac- 10 movement less than .02 to .03 degree could be accom- 

butately and responsively controlling the movement of plished. 
large loads such as a deep space tracking antenna. More The foregoing and still other advantam and features of 
specifically, it provides for the elimination of backlash this improved system will become more fully apparent 
in the gear trains of hydraulic motors by the use of an from th following detailed disclosure and drawings where- 
improved hydraulic circuit and alternating valve means 15 in like numerals denote like elements in the various vie#s 
therein. and wherein: 

? of arc in either direction, whereas in prior 

on in partial cross- 
embodying the irn- 

is ihe subject of ahis 

ahead of the drive means, as may ~ h f u r  in a s 
when the load is initially moved frorh a stati 
or when there is a change in the applied pow 
lion. ?She spaced engagement of gear teeth may resu 
from several causes such as gear production techniques 
or nornial operational wear. Since the latter is the more 
predominant cause of gear backlash and non-responsive 
load movement, certain prior art approaches to these com- 
mon CQntrOl prohfems have embodied means to create a 
drag on the drive gears and thereby constantly keep them 
in positive engagement, regardless of their degree of wear. 
An example of the latter, more fully described herein, is 
the dual drive, series opposing system in which one motor 
is back loaded againqt the other. 

In relatively sophisticated machinery, such as large 
space antennas wherein i t  is necessary to track the path 
of probes millions ~f miles in space, extreme accuracy 
and control of the antenna is imperative, and thus the 
problem is even more acute. However, due to the oscilla- 
Tory type movements of such antenna?, it  is apparent that 
the gear and drive systems are subject to severe wear which 
in turn causes the imperfect fit primarily responsible for 
the aforementioned backlash. As a result of the back- 
lash, the accuracy of the aqtenna and the control over it 
are impaired. 

Briefly described, this invention provides for a pair of 
hydraulic drive motors connected in parallel relation with 
respect to a common fluid feed line. The two motors are 
cooperatively connected to a bull or load gear by means 
of separate power transmitting gear trains. There is 
additionally provided a hydraulic circuit having valve 
control and pump means therein so as to selectively vary 
the pressure and change the direction of the hydraulic 
Ruid flowing therethrough. A pair of adjustable pressure 
reducing valves are also disposed in the circuit in such a 
manner as to produce a pressure drop to one motor at :i 
time, thereby causing that motor to have a lower knrquc 
output than the primary drive motor. In this manncr 
backlaqh is not only eliminated from the gear system be- 
cause of the constant drag applied by the lowe,. torqued 
motor but, in addition. the magnitude of thc drag forces 
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i s  made to the conventional hydraulic drive 
G. I. The circuit comprises a fluid IeSerYoli SY 

1 wherein there is stored the hydraulic Ruid at alrnosphcric 
pressure for operating the system. Since the circuit is n 
closed loop, the reservoir contains a return line 2 and an 
out line 3. The out line is connected to pump 4 which 
may be of conventional variety. Supply line 5 feeds hy- 
draulic fluid from the pump into a four-way servo valve 
6 which serves to directionally operate the drive motion 
of the system. There is provided a pair of Ririd lines 7. 
8 connected to opposing sides of the servo valve and to 3 

anically connected and engaged with the hydr;iuiic 
snd 

load carrying bull gear 12. Scheniatic;tlly indic:tted at the 
bottom of the motor is a case drain line 13 which coni- 
rnunicates with the return line 2 from the 5ervo valve. 
Case drain 13 serves to prevent internal motor leakage 
from building up excessive pressure within the cnsc. Lack- 
ing such provision, a buildup of pressure could c;uise ex- 
ternal leakage or rupture of the motor casing. There is 
usually provided a valve of conventional defign (not 
shown) for regulating the leakage Row through this line. 

By use of conventional external control, pump 4 creates 
a system pressure P, in supply line 5. Likewise, through 
external controls, servo valve 6 is caused to rotate in the 
desired direction and thus direct the fluid into the motor. 
The degree of fluid pressure into motor 9 is dependent on 
and proportional to the opening resulting from rotation 
of the valve. If the valve 6 were rotated from its closed 
position to 22 degrees beyond the horizontal. as shown 

arent that the vanes I8 of the motor 
r and hciicc result in less torque on the 
he valve were thrown full open-that 

rotated sufficiently to present the full 
of Ruid line 7 to the valve passage- 

way 24. Thus control over ihe toad is affected by ap- 

ally driven motor 9. 

a well-knuwn manner is the gear train 
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propriate movement of the servo valve. The quality of One of these problems is the constmt high magnitude of 
the control, however, is adversely affected by the presence stress present at contact points of interengaging gear teeth, 
OC backlash in the gear train. AS may be visualized by the source of which is the added load (or drag forces) 
examination of PIC. 1, a backlash situation in gear train which the drive train musi move. Another problem is 
Z@ may be created upon initial movement of servo valve 5 the absence of means €or effectively reducing the resist- 
6 from the horizontal position because the gears may be ance or drag forces when they are not needed. It is found 
In disengagement such as when starting from static condi- that the magnitude of these forces c a u m  gear teeth io 
tion, or when changing direction. One prior art solution wear quickly and sometimes even to fracture the gear 
to this problem in relatively small gear trains resulted in boxes. Still another problem causeci by this antibacklash 
splitting the gears at each mesh, and spring loading each 10 arrangement is reduction in load control caused by the 
split gear against the other. In larger gear trains and high system pressures necessary for movement. 
heavier loads, such an arrangement is not feasible due to The subject invention discloses an Improved hydrauiic 
the magnitude of forces involved. circuit which not only reduces the ,drive forces required, 

A prior art arrangemeflt designed for the elimination but which also provides a means for creating an e&c- 
of backlash in the drive system for large loads is referred[ 25 tive adjustable drag-producing antibacklash provision dui- 
to as the “dual motor series opposing system.” Although) \ ing operation. As a result of this immoved antibacklasb 
the dual motor series opposing drive system presents a 
limited remedy to the problem of bacldasb, i t  has been 
found to introduce factors which not only detract from 
optimal control of the load but which will, in some in- 
stances to be explained hereinaffer, preclude effective 
conirol over it. In the series system shown in PIG. 3, 
servo valve 6, hydraulic motors MI, Mz, and gear trains 
29 and 26 operate in the same manner as the valve, 
motor, and train described previously. 

The dual drive-series opposing system i s  arranged so 
khat one gear train acts as a drag Qn the bull gear, while 
$he orher gear train is driving the bull gear. When the 
Ioad direction is changed, these two gear trains exchange 
functions, that is, the prior drag train now drives, and the 
e&ior drive irain becomes a drag. hn this manner the 
gear teeth in the driving gear train are always kept in 
jmssitive engagement and backlash is substantially reduced. 
An examination of this circuit arrangement shows that 
whh rhe servo valve 6 in a closed position (as in FIG. l ) ,  
the system is in a static condition and a pressure P, exists 
.7 the supply line 5 from the pump. Clockwise move- 

i t  of the servo valve to a position shown by the 
/ O ~ U  d lines allows fluid to flow, thus producing an initial 
pr;ssv.re PI in the fluid line 7. Neglecting frictional losses 
occurring from Auid flow, the same pressure P1 is seen 
by POI-& AI going into motor MI. The pressure Pl. is 
e x c r i e ~  on the vanes (not shown) of motor MI, causing 

to rotare clockwise and thus causing it to have a clock- 
ue ’TAL!. The torque TMI is transmitted to and 

geas {rain If to bull gsar 82 (or load) which then 
ii ‘5 .I it chockwise direction. As the buil gear rotates. 

torque iz dpplicd to arid Ilirough lhc train 26 which in 
~ u m  i s  appiicd to I I I O ~ Q ~  la2, cCiming i t  to rotate. This 
caiws Mz to act a\ a pump w t h  respect to the fluid flowing 
thrrethrough srnce nu “effective” prewire exists at its port 
1 c 2 .  Tbus, as the bull gear rotates, driving motor Mz, the 
fluid which exits port B2 IS pumped into conduit 2s and 
ilhrcugh the servo valve h t o  conduit 46 and then into the 
return line 2 which leads back to the reservoir. It is seen 
that if the servo valve is turned to supf~ly fluid into line 15 
instead of line 7, that the load will reverse its direction. 
&hewvise the system will operate as described above. 

As with the hydraulic motor described in FIG. 1, there 
are provided case drain conduits TI,  25 for each of the 
motors MI, Ma.  These conduits, and connecting conduit 
’4‘7, provide a path for leakage flow from either motor to 
reduce internal motor pressure. The connecting conduit 
tiaiisfers the fluid back to the reservoir via return line 2. 

With the above circuit arrangement i t  is seen that the 
ieetn of interengaging gears in gear train Y@ are kept in 
positive contact because the bull gear cannot “coa\t ahead” 
of the gear train BQ due to the drag exerted on it by the 
train 25. It is plausible, of course, that some external 
f0rc5 acting an the load, such as wind, etc., could exceed 
the drag forces created by gear train 36 and thus produce 
a backlash in the drive system of motor IGl. Although 
the constant drag effect in this system builds an anti- 
backlash provision into its operation, there i s  created, as a 
result, a series of operational problems and deficiencies. 

, -  
provision, control over the load i s  significantly improved 
and wear on the drive machinery greatly reduced. In 
this regard reference is made to the improved system of 

20 the invention, as shown in PIG. 4, wherein a pair of €loid 
motors MI and M2 are placed in parallel feed relation 
with respect to the source of fluid Wow of the system by 
providing a €ork in line 4 having two conduits 3@, 5;  iend- 
ing to the motors Ma and MI respectively. The pressure 

25 in these conduits would thus be the same. hi order to 
create a pressure drop, however, into one ~f the motors 
and thus create less torque by that motor, Counterbalance 
valves 33, 45 (Le. pressure reducing valves) are placed 
in the lines in such a manner that the lower ~t-essure 

30 would be impressed across only one motor at a time, (his 
depending upon which way tne valve 6 i s  furned. Tnus 
if the fluid is moving c f ~ c k ~ i s e  in the circuit, B presswe 
drop would be created ia the direction of motor MZs 3 e I 

across moior Ma, while if it were nioving countercIcir’..- 
35 wise, the pressure drop would exist across motor ?pil. 

Additionally, the pressure reducing valves 33, 45 may be 
adjusted to vary the extent of the pressure drop, the pur- 
pose being to vary the torque on one of the motors. hn 
such an arrangement the drag of the lower torqued motor 

40 and its associated gear train may be adjusted to accom- 
modate the conditions under which the machine is op- 
erating. This is accomplished by the use of an adjustable 
setting 39, 36 on each of the valves. Also, the valves are 
so constructed that Ftuid may flow Lhereihrough in either 

45 direction. Examination of FPS. 5 shows that Inuid mite&-- 
ing through port 56 may Bow freely through the valves 
with no significant drop in pressure. Should the fiuid 
flow through. the valve in :he onposi*c &icetion how- 
ever, there is  a pressure drop. A detziled explaiiafion of 

The conduit 31 of FIG. 4 is connected to the port AI 
of motor MI so as to constitute either a feed or return 
line for the motor, dependmg upon which direction the 
fluid is moving. To the port B1 is connected conduit 34 

55 which leads to a countei-balance valve 45. The counter- 
balance valve in turn is connected by conduits 38, 39 to 
the servo valve mechanism, The conduats for ihe mo- 
tor is thus Ob closed bop  design with fluid supplies! 
from and returned to thc :rer~o vaiw 

A. aecond closed loop conduit is provided for thc motor 
IMd3 and consists of line 39 hatline; a fork lhercin forming 
the conduit 19 and the aforenientioncd conduit 3%. Con- 
duit 15 is connected to the port B, of molor I’d2 and acts 
as a supply or return line lor such motor, depending irpon 

Q’onnectod to the 
port Ha of the motor is conduit $3 which leads in to tlra 
counterbalance valve 33. The valve 33 may work iic“ 3 

pressure reducing valve or as a mere fluid conduit in 
7Q the same manner as its cooperating valve d 5 .  its pre- 

viously explained, only one valve acts as a pressure re- 
ducer at a given time and this depends upon the direction 
of system movement. The closed loop conduits for both 
motors MI and M2 may hereinafter be referred to as a 

50 the vaive mechanism is set forth hercinafxer. 

80 

*‘ which direction the system is moving. 

ar, first circuit 



Tin addition to the ports of the servo valve which re- 
ceive the conduits 7 and 39 of the first circuit, there is 
provided a port each for the supply line 5 and return line 
2, both of which constitute a portion of a second circuit. 
These lines conduct fluid to the first circuit and remove 
it therefrom, respectively, by operation of the conven- 
;ion;a8 ~ r v o  valve 4. The return lip@ 2 carries hydraulic 
fluid from the first circuit by means of its connection to 
an exit conduit 46 leading from the servo valve. The 
fluid reservoir 2, to which the other end of return line 2 
is connected, is at atmospheric pressure by reason of a 
breather tube 75 therein. Also connected to reservoir 3 
is the out line 3 which supplies Auid to the pump 4. This 
fluid is then delivered from the pump under pressure P, 
to the servo valve where it enters the first circuit either 
through the conduits 7 or 39, depending upon which way 
the servo valve is turned. It is apparent, of course, that 
fluid Wow is unidirectional in the second circuit, while 
in the first circuit flow may be either clockwise or 
counterclockwise. 

As noted above, a counterbalance valve is disposed in 
each loop of the first circuit. These valves 33, 45 are, as 
shown in FIG. 5 ,  essentially a check valve in parallel 
relation with a pressure reducing valve, the purpose of the 
arrangement being to create a pressure drop in one di- 
rection through the counterbalance device while effecting 
flow stoppage in the opposite direction. More specifical- 
ly, ii is seen that the valve consists of a ball-check type 
arraligement with one ball 66 spring loaded to a closed 
(dotted) position. The spring constant in the spring QI 
may be varied by adjusting the set screw 31 so as to ac- 
complish the desired drop in pressure. 

The free flow side S f  comprises a similar ball-check 
type arrangement in which the bail 64 rests against a 
shoulder pin 63 when in the free flow position (dotted 
lines). Thus, when the valve is causing a pressure drop 

ss its ports 58, 56 the flow of fluid into port 58 causes 
i% to k blocked by the ball 64 while the cooperating 

t,iE 65 above port 51 is urged upward when fluid pres- 
sure exceeds the mposing compressive force of spring 6% 
The movement of ball 66 is, of course, dependent on the 
position of the adjilstable setting 39 which thus causes the 
desired prcssure drop AP. 

%%en fluid is flowing in the opposite direction, that is 
in through port 56, the ball 66 on the pressure reducing 
side is Forced dowaward by the spring 68, thus closing 
off fluid Aow to port 58. Ball 64, however, is moved 
by Buid pressure on to shoulder pin 63, thereby present- 
ing an unobstructed or ‘‘free” fluid flow path at the side 
32 Ciom port 5% to port 51. 

For the purpose of describing the operation of the sys- 
tem shown in PIG. 4 it will be assumed that a system pres- 
SUR of 4000 p.s.i., exists in the supply line 5 from the 
pump. Mso, it  is assumed that the setting P on the 
couiiierbalance valves is 500 p.s.i. and that load 12 is a 
large space probe tracking antenna which i s  to move 
initially in a clockwise direction. If the system is to 
star1 from a static condition, the servo valve is opened 
clockwise to a full open position since maximum torque 
will be required to accelerate the load. Disregarding 
frictional losses, the pressure a port .(%I and in line 38 
will he 4000 0.s.i. The mewwe in line 43 and hence at _ -  
port Az of motor Mz is 3500 P.S.i. In the Prior art de- overcome both its internal friction and that of gear train 
vices, motor MI was required to move the load by itself 26, and it still places a small net drag on the drive mo- 
since motor Ma was contributing substantially no effec- ~5 tor M1 and train l@, thus maintaining a desirable back- 
tiva torque, but was instead acting as a drag to prevent lash free condition. More importantly, however, is the 
backlash. Tn the subject device, valve 3s is adjusted SO ability to regulate by means of the counterbalance valves 
that Ma is acting to lessen or increase the drag of the the magnitude of drag which this motor exerts. Thus if 
gear train 26, depending on the needs at the time. If a the motor MI is the prime driver, the toad is moving 
small drag is required, the valve 33’ may be opened wide 70 clockwise and M a  is exerting an anti-backlash effect. If a 
at setting $5, themby causing high fluid pressure and ap- prevailing wind exerts a counterclockwise force against 
plied torque by motor Ma. Oppositely, M2 could have the load movement, there could result a backlash in the 
more drag if the valve opening were reduced by reduc- system since the wind force in combination with drag 
ing its opening at 35. The adjustable torque feature force of Ma may overcome the effective torque of the 
makes possible the use of smaller motors both at MI 75 prime driver MI. However, with the ability to vary the 

and Ma since less torque is required by each motor. 
Since there is less drag on the main drive motor 
wear and mainten;incc is substantinlly reduced. ?In fd- 
lowing the Wuid flow through the nhove system it is seen 

6 that fluid leaving port B1 flows under subsinntially re- 
duced pressure through the free flow side 52 (FIG. 5 )  
of counterbalance valve 45 and then into line 38. The 
fluid leaving port R2 is likewise under substantially re- 
duced pressure as it flows through line 15 where it meets 
fluid from line 38 and returns to the servo valve via line 
39. The fluid then traverses the servo valve and returns 
to the reservoir 1 through return line 2 of the second 
circuit. From the reservoir the fluid is recycled into the 
system by a hydraulic pump 4. 

Pt is clear that should the servo valve be rotated in a 
counterclockwise direction there wilI be a pressure drop 
across valve 45 which causes motor MI to take up the anti- 
backlash function, thus making motor Mz the primary 
driver. The Bow through the valves, motors, and line cir- 

20 cuit may be traced back to the reservoir in a countercbck- 
wise manner which is functionally identical to the dock- 
wise fluid path described above. 

When the system is at rest, there wil normally be suffi- 
cient leakage flow through motor ports B1 and Wz and 

25 back through case drain conduit 50 to maintain the pres- 
sure differentials across counterbalance valves 33 and 45 
and thus maintain opposing torques from motors MI 
and Ma. If this leakage flow Is insufficient, small ad- 
justable orifice valves 3% arid 33 may be installed as 

Also, as noted above, movement of the servo valve 
(clockwise) to a position less than fuFi open will cause 
the pressure in line 7 to increase and the presswe in line 
39 to decrease. By controlled movement of the scrvn 

35 vahe and controlled counterbalance valve settings it 
becomes apparent that relatively fine control may be ex- 
ercised over motor port pressures which in turn provide 
a more precise control over the system. Once the system 
is operating under normal loads, that is, no acceleration 

40 and no external faces  such as winds acting on the main 
load, the operational torques are significantly reduced 
below fhose required for acceieraliorr. These conditions 
may be exemplified by the pressures shown in PIG. 6, 
wherein, it is seen that d a  to the position of th-, servo 
valve a pressure in the line and therefore at port A, ‘’ of only 2620 p.s.i. exists. In that the servo valve is not 
fully open to the return line, pofi B, is at a pressure sub- 
stantially greater than atmospheric, namely at 1380 p.s.i. 
The 500 p.s.i. setting on the counterbalance valve 33 

5Q causes a pressure at port A, of 2120 p.s.i. while the exit 
pressure (port B2) i s  1380 p.s.i., the same as in the other 
return lines of the system. The counterbalance valve 
45 is operating in free flow position and the main return 
line 22 iu at atmospheric pressure due to breather open- 

65 ing 75 in the reservoir. It is found that the bull gear teeth 
81 in a system under the above conditions bear a tangcn- 
rial load of about 800 Ibs. due to the low system loading. 
This compares with loads of between 10 and 15 times as 
great in prior art systems when under the same opernt- 
ing conditions. It should be noted that although fluid 
motor Ma has a net positive differential pressure across i t  
(clockwise drive), the resulting torque is insufficient to 

15 

30 shown to provide the required mount. 
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drag torque (by use of the settings AP), there results a 
change in the “effective” drive torque. By increasing the 
pressure drop across the counterbalance valve associated 
with the “drag train” the probability of setting up a back- 
lash condition is substantially reduced. In the opposite 
sense it is seen that if a prevailing wind exists in the 
same direction as the load is moving, then it may be 
necessary to decrease the pressure drop into the “drag 
motor” since leas “drag” will be required to maintain a 
backlash free condition. This may, of course, require a 
simultaneous increase in pressure to motor MI. It will be 
recognized by those skilled in the art that these oounter- 
balance valves may be interconnected with each other 
and with external sensing means which control them, in 
accordance with the conditions present. 

It is thus seen that the subject invention provides im- 
proved operating characteristics regardless of whether 
it i s  under maximum torque or normal torque require- 
ments. During conditions of low torque operation, such 
as that which is encountered during the tracking of deep 
space probes, the gear teeth and structure loads are 
subjected to less than 1000 Ibs., or about 5% of the maxi- 
mum which the drive system can repeatedly endure. In 
the prior art devices the gear teeth and support struc- 
ture were subjected to loads approaching 79% of maxi- 
mum. As a result of the lower forms it is  apparent, as 
initially pointed out, that wear on moving parts is greatly 
reduced. Likewise, it is apparent that due to lower fric- 
tion and loading forces the accuracy and sensitivity of con- 
trol of the antenna is improved and it can be moved with 
much less signal to the servo valve than was possible 
before. 

Having thus described the nature and operation of this 
invention, it will be understood that said invention permits 
of various modifications, alterations, and substitutions, 
particularly with respect to individual components and 
their design, and also it is to be recognized that the drive 
system disclosed herein is applicable to and may be em- 
bodied in apparatus other than the exemplary antenna, 
all without departing from the essence of the inyention 
and within the scope of the claims following hereafter. 

Therefore what is claimed is: 
1. A reversible drive system substantially free of back- 

lash for accurately controlling movement of a load driven 
thereby comprising: 

dual hydraulically operated drive motors operatively 
engaged with the load; 

means for selectively varying the torque of one of said 
motors with respect to the other so that the lower 
torqued motor acts as a variable drag on the driven 
load. said means including a hydraulic circuit having 
a primary and secondary control means therein, said 
primary control means operatively disposed in the 
circuit for selectively controlling the direction and 
quantity of fluid flow, and said secondary control 
means includes an adjustable fluid pressure reduction 
means disposed in the supply line of e lower tor- 

2. The reversible drive system of claim 1 wherein the 
supply line of either of said motors serves as a return 
line for its respective motor when the direction of fluid 
flow is reversed by selective control of said primary con- 
trol means. 

3. The drive system as recited in claim Z wherein the 
supply line of the lower torqued motor further includes 
means for allowing the free flow of hydraulic fluid in a 
direction opposite to the direction of the supply fluid 
when said line is performing the function of a return 
line. 

4. The reversible drive system of claim 3 wherein the 
means providing for free flow of hydraulic fluid in a di- 
rection opposite to said supply fluid direction also pre- 
cludes fluid flow in the latter direction. 
1. The reversible drive system of claim 3 wherein said 

means providing for free flow of hydraulic fluid and said 

qued motor. 9 
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fluid pressure adjustment means comprises an integral 
counterbalance valve. 

6. The reversible drive system of claim 5 wherein said 
counterbalance valve has dual passages with a deck 
valve in one passage and a variable spring-loaded valve 
in the other. 

7. A pair of reversible, hydraulic drive motors opera- 
tively engaged with a common load and having a fluid 
transmission and control system connected thereto for 
effecting improved control over movement of said load, 
said fluid transmission and control system comprising: 

a first closed loop conduit having one of said motors 
hydraulically connected therein; 

a second closed loop conduit having the other of said 
motors hydraulically connected therein; 

control means common to both said conduits for selec- 
tively directing fluid through each in either of two 
directions; 

said control means operatively Connected to sinid 
conduits to drive said motors in the same rela- 
tive direction; 

an adjustable pressure reducing means disposed in each 
closed loop circuit; 

one of said pressure reducing means disposed to 
create a pressure drop into one of said motors 
when fluid flows in a first direction, and the 
other of said pressure reducing means disposed 
to create a pressure drop into the other of 
said motors when fluid flows in the other direc- 
tion; and 

mems for supplying fluid from a reservoir to said con- 
trol means and for returning fluid from said motors 
t6 the reservoir. 

. The control system of claim 7 including means 
connecting said motors for selectively adjusting the pres- 
sure differential between them when said motors are in 
a static condition. 

9. A reversible drive system substantially free of back- 
lash for accurately controlling movement of a load driven 
thereby comprising: 

dual hydraulically operated drive motors operatively 
engaged with the load; 

means for selectively varying the torque of one of said 
motors with respect to the other so that the lower 
torqued motor acts as a variable drag on the driven 
load, said means including a hydraulic circuit having 
a primary control means operatively disposed in thc 
circuit for controlling the direction and quen:ity of 
fluid flow, said hydraulic circuit including n fluid 
reservoir at a pressure substantially below that in the 
supply lines to said motors; 

supply and return lines, each connected to said primary 
control means for conveying hydraulic fluid to and 
from said hydraulic circuit; 

pump means in said supply line for providing pres- 
surized fluid to said primary control means; 

a common case drain line connecting each of said mo- 
tors to the return line of said bydraulic circuit; 
and 

regulating means in said case drain line of each motor 
for independently adjusting the leakage of pressure 
from said motors. 

IO. A pair of reversible, hydraulic drive motors opera- 
tively engaged with a common load and having a fluid 
transmission and control system connected thereto for 
effecting improved control over movement of said load, 
said fluid transmission and control system comprising: 

a first closed loop conduit having one of said motors 
hydraulically connected therein; 

a second closed loop conduit having the other of said 
motors hydraulically connected therein; 

primary control means having a pair of fluid posts 
one of said ports common to each of said closed loop 
conduits and having a pair of other ports connected 
to supply and return conduits respectively; 
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said pair of fluid ports 

an adjustable pressure reducing means disposed in each 2#541*292 2/1951 Robinson ---------- 6&97 

eratively connected to said 
closed loop conduits in a manner enabling said mo- 
tors to be driven in the same relative direction; 

said closed loop conduits; 3,006,215 10/1961 Musser ----_________ 74-665 
one of said pressure reducing means disposed to 3,057,161 1011962 Menke et al. _ _ _ _ _ _ _ _ _ _  60-53 

create a pressure drop into one of said motors 3,166,952 111965 Lang _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  7-65 
when fluid Aows in a first direction, and the 
other of said pressure reducing means disposed 
to create a pressure drop in&o the other of said 10 
motors when fluid flows in the other direction; 

a fluid reservoir having said return conduit and said 

a hydraulic pump disposed in said supply conduit for 

UNITED STATES PATENTS 

Waferemes Cted by the ~~~~~~~~~ 

UNITED STATES PATENTS 
1,918,180 711933 Carter. 
1,956,369 4/1934 woods. 
2,461,877 211949 Brereton. 
2,931,035 311960 Reinhard et al. 

supply conduit connected thereto; and 
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pressure to thereby drive said motors. EDGAR W. GEOGHEGAN, Primary Examiner. 


